ABSTRACT Field trapping assays were conducted in 2009 and 2010 throughout western Michigan, to evaluate lures for adult emerald ash borer, A. planipennis Fairmaire (Coleoptera: Buprestidae).
The emerald ash borer, Agrilus planipennis Fairmaire (Coleoptera: Buprestidae) is an invasive pest of ash (Fraxinus sp., Oleaceae) that was Þrst detected near Detroit, MI, and Windsor Ontario, Canada (Haack et al. 2002) . Since its introduction it has spread into 15 states in the United States and two Canadian provinces, resulting in the death of tens of millions of ash trees (EAB info 2011) . For a review of the biology and life cycle of A. planipennis see reviews by Cappaert et al. (2005) and Crook and Mastro (2010) . Larval feeding by A. planipennis in the phloem and cambial regions can kill a tree within 2Ð3 yr of infestation (Liu et al. 2003 ). Detection at low densities during initial infestation is difÞcult because symptoms such as crown dieback, bark splits, epicormic branching, and exit holes are not apparent until population levels have increased and offspring have already dispersed to new areas (Cappaert et al. 2005) . There is a critical need for a sensitive and efÞcient survey trap that is able to detect newly established infestations of A. planipennis. Visual, chemical and behavioral studies that help better understand how A. planipennis selects hosts and mates could lead to improved lures and trapping methods.
Evidence for an effective, easily synthesized, longrange pheromone, that would be suitable as a trap lure remains inconclusive at present . Two types of ash volatiles have been shown to be attractive to A. planipennis: bark sesquiterpenes and green leaf volatiles (Crook and Mastro 2010) . found six antennally active compounds in aerated green ash (F. pennsylvanica Marshall) bark tissue removed from girdled (stressed) trees. Five compounds were identiÞed as ␣-cubebene, ␣-copaene, 7-epi-sesquithujene, E-␤-caryophyllene, and ␣-humulene (␣-caryophyllene) by Crook et al. (2008) . Eremophilene was identiÞed as the sixth compound by . Because of the difÞculty and expense of synthesizing sesquiterpenes, two natural tree oil sources of these compounds have been used in Þeld studies: manuka oil (from New Zealand manuka tea tree, Leptospermum scoparium J. R. and G. Forst (Myrtaceae)) and phoebe oil (from Brazilian walnut, Phoebe porosa Mez. (Lauraceae)). Manuka oil contains high amounts of ␣-cubebene, ␣-copaene, E-␤-caryophyllene, and ␣-humulene with trace amounts of eremophilene ) and lacks 7-epi-sesquithujene. Phoebe oil contains all six of the antennally active volatiles found in green ash in similar high quantities to manuka oil . Both sexes of A. planipennis are attracted to these oils in Þeld tests . Crook et al. (2008) found that phoebe oil lures caught signiÞcantly more adult A. planipennis than manuka oil lures in Þeld tests using purple prism glue traps hung at 1.5m. suggested that the increased catch on phoebe oil was because of it containing 7-epi-sesquithujene that manuka oil lacked. The absolute conÞguration of natural (ϩ)-7-epi-sesquithujene was recently found to be 1S,5S,1ЈR (Khrimian et al. 2011) . Several green leaf volatiles from ash have been identiÞed and studied in the last few years (RodriguezSaona et al. 2006 , de Groot et al. 2008 . Of those studied, one compound in particular, (3Z)-hexenol, has been shown to be attractive to males (de Groot et al. 2008 . Further tests were recommended to determine the optimal release rate for (3Z)-hexenol (de Groot et al. 2008) .
Recent vision and color studies have led to progress being made in developing an effective color trap for A. planipennis , Francese et al. 2010a . Electroretinogram assays have shown that A. planipennis adults are sensitive to ultra violet and violet (420 Ð 430 and 460 nm, respectively) regions of the electromagnetic spectrum. Mated females were also seen to be sensitive to 640 Ð 650 and 670 nm red ranges of the spectrum ). As purple plastic traps have peak wavelengths at 430, 600, and 670 nm it was hypothesized that females were primarily attracted to purple traps over males in Þeld tests because of their sensitivity to those particular wavelengths of light ). Crook et al. (2009) found that A. planipennis were also sensitive to green light (540 Ð560 nm) during electroretinogram assays. In unbaited Þeld tests using green paints (540 nm wavelength) both dark green (Ϸ24% reßectance) and light green (64% reßectance) painted prism traps caught 2Ð3 times as many adult A. planipennis as purple plastic prism traps when placed in the mid canopy of trees (Ϸ13 m). Both light and dark green traps captured a higher percentage of males than females ). Unbaited trap color studies by Francese et al. (2010a) that tested 500, 525, 540, 560, and 570 nm ÔgreenÕ traps showed that the 525Ð540 nm range was the most attractive to A. planipennis, particularly males, thus supporting the earlier Þndings of Crook et al. (2009) . Traps painted with different reßectance levels (i.e., different shades) of 540 nm green paint showed that traps with 49% reßectance (dark green) caught signiÞcantly more beetles than purple or light green plastic traps (Francese et al. 2010a) . No lures have yet been tested on this improved dark green prism trap.
Based on the earlier trap color study by Crook et al. (2009 tested (3Z)-hexenol and manuka oil on purple prism traps (at 1.5 m) and light green plastic prism traps (64% reßectance; described by Crook et al. 2009 , Francese et al. 2010a ) at 3 m above the ground. Grant et al. (2010) found that on purple prism traps (3Z)-hexenol (7.6 mg/d) caught signiÞcantly more males than females while manuka oil (50 mg/d) baited traps caught equal numbers of males and females. On light green prism traps (3Z)-hexenol release rates of 7.6 and 80 mg per day caught signiÞcantly more males than females, and more males than the unbaited controls or manuka oil baited traps. Lures containing phoebe oil and (3Z)-hexenol were tested with light green prism traps by Grant et al. (2011) . They found that light green prism traps hung in the canopy baited with (3Z)-hexenol captured more males than females and signiÞcantly more males than unbaited traps. Traps baited with phoebe oil captured more females than males but there was no signiÞcant difference in the number of females captured to traps baited with (3Z)-hexenol.
In 2009, 80/20 (manuka/phoebe) oil lures (comprising of a mix of 80% manuka oil:20% phoebe oil, released at Ϸ50 mg/d through polypropylene sleeves) were used in purple prism traps by the USDA APHIS PPQ emerald ash borer cooperative program to monitor and survey states within in the United States. Here we present results of 2 yr of Þeld tests that have focused on attempting to improve the effectiveness of sesquiterpene rich oils (manuka oil and phoebe oil) by testing different distillates, as well as adding particular sesquiterpenes that were antennally active. We also evaluated how male and female A. planipennis would respond to the improved dark green plastic prism trap when they were baited with (3Z)-hexenol, 80/20 (manuka/phoebe oil) and manuka oil lures. We performed two tests to determine optimal release rates for phoebe oil and (3Z)-hexenol lures on new dark green prism traps. We also performed a study that tested synthetic 7-epi-sesquithujene because we believed it to be an important attractive component of phoebe oil in previous studies ).
Materials and Methods
Five trapping assays were conducted in 2009 and 2010 using purple and dark green plastic prism traps placed along the edges of infested white (F. americana L.) and green (F. pennsylvanica Marsh.) ash wood lots in Michigan. All of the sites chosen for these studies were in infested areas, with most ash trees in moderate to severe decline: 26% to Ͼ50% damage, as described by Millers et al. (1991) and Pontius et al. (2008) .
All traps were hung with rope from stainless steel spreaders (Midwest Wire Products, Sturgeon Bay, WI) on infested ash trees at 6 m using methods previously described by Francese et al. (2008) . Traps were then coated with clear, ÔbrushableÕ Tangle-trap insect trap coating (ConTech, Grand Rapids, MI). In each experiment lures were hung from the center of the spreader using black carabiners (5.63 cm long). Trap catches in all studies were collected weekly. Collected beetles were then sexed and summed for each treatment replicate over the entire Þeld season.
Experiment 1: Sesquiterpene Fraction Test on Purple Prism Traps (2009).
To replicate survey trapping methods used by the USDA APHIS PPQ emerald ash borer cooperative survey program in 2008, glue coated purple prism traps (Great Lakes IPM, Vestaburg, MI) were used for this experiment .
Fifteen Treatment 1. Phoebe oil plus eremophilene was included as a treatment because electrophysiological doseÐresponse studies of puriÞed ash sesquiterpenes showed that female A. planipennis were more antenally sensitive to eremophilene than male antennae (Cossé et al., 2009) . We hypothesized that prism traps baited with phoebe oil could be improved by the addition of an extra eremophilene lure. Phoebe oil distillates contain relatively large amounts of the oxygenated sesquiterpene eremoligenol (Weyerstahl et al. 1994 ) that can be chemically converted to an oil containing 25% eremophilene using a method described by Levisalles and Rudler (1967) . A second batch of crude phoebe oil (300 ml) was distilled (70 Ð 80ЊC/ 0.05 mmHg) to obtain mainly oxygenated sesquiterpenes (124 g). Chemical conversion of the distillate resulted in the production of 25% eremophilene oil that was formulated (0.5 g) onto cardboard squares (5 cm 2 ϫ 3 mm). These were heat sealed into eight mill polyethylene pouches, releasing 10 mg/d of eremophilene. The eremophilene release rate was determined by placing the pouches into an incubator (22ЊC) and measuring the daily weight loss (41.3 mg Ϯ 0.9 SD/d, N ϭ 3) for 1 wk. In addition, the released amounts of eremophilene were checked daily by volatile collections (20 min) from the same pouches on HayeSep-Q volatiles traps (100 mg, Restek, Bellefonte, PA). Volatiles were rinsed from the traps with solvent and analyzed by GC. Eremophilene was released at a rate of 11.1 mg Ϯ 0.3 SD/d (N ϭ 3).
Treatment 2. Phoebe oil distillate, was prepared analogously to manuka oil distillate from 1.7 liters of crude phoebe oil. The reßux/take-off ratio during distillation was 5:1. The fraction, boiling at 25ЊC/0.5 mmHg to 82ЊC/0.1 mmHg (565 g), was collected. Phoebe oil distillate contained approximately twice the amount of A. planipennis EAD-active components when compared with standard phoebe oil.
Treatment 3. Phoebe oil was included as a treatment as it had previously caught more A. planipennis than manuka oil when used on purple traps .
Treatment 4. 80/20 manuka/phoebe oil, hereafter referred to as the 80/20 oil lure, was included as a treatment as it was the standard lure being used by the USDA APHIS PPQ emerald ash borer cooperative survey program in 2009.
Treatment 5. Colure, a manuka oil distillate was purchased from Coast Biologicals (New Zealand). This distillate had very similar chemical properties to treatment 6 but as it was a readily available product, it was included in the Þeld study.
Treatment 6. Manuka oil distillate was produced using the following methods. Crude manuka oil (1.6 liters) was distilled in a vacuum (0.075Ð 0.10 mmHg) from a 3 liters round-bottom ßask equipped with a silvered bellows vacuum-jacketed column (Aldrich, L 280 mm, joint 24/40; Aldrich, Milwaukee, WI) packed with glass helices (D 4.8 mm), and a variable-reßux distillation head (Kimble Chase/Kontes, Vineland, NJ). The fraction, boiling at 29ЊC/0.5 mmHg to 75ЊC/ 0.05 mmHg (650 g) was collected. GC-MS analysis showed concentrations of compounds antennally active to A. planipennis increased approximately twofold when compared with their concentrations in standard manuka oil.
Treatment 7. Manuka oil on a purple trap was considered to be the ÔbaselineÕ control because it was the trap and lure combination used by the USDA APHIS PPQ emerald ash borer cooperative survey program in 2008.
Experiment 2: Sesquiterpene Oil and (3Z)-Hexenol Tests on Dark Green Prism Traps (2010). This experiment was designed to evaluate the effect on trap capture of sesquiterpene rich oil lures and (3Z)-hexenol in conjunction with a dark green prism trap (as described by Francese et al. 2010a ). The dark green plastic trap (Sabic Polymershapes, Kalamazoo, MI) had a wavelength of 540 nm and a peak reßectance of 49.1%. Dark green prism traps were obtained from Great Lakes IPM (Vestaburg, MI).
Fifteen trap lines (treated as replicates) were placed along the edge of woodlots containing ash trees at three sites in Shiawassee (n ϭ 2, n ϭ 1, n ϭ 1) and Ingham County, MI (n ϭ 2, n ϭ 2, n ϭ 3, n ϭ 4). Traps were placed in the Þeld by 28 May and removed on 26 July 2010. Six lure treatments were randomized within each line, with each treatment spaced at least 30 m apart from the next. Lures were rotated weekly when the traps were checked.
In Crook et al. (2008) suggested that 7-epi-sesquithujene could be an important attractive component in bark released volatiles. This experiment was designed to test whether baiting dark green prism traps with 7-epi-sesquithujene either by itself or with (3Z)-hexenol would increase the number of A. planipennis captured.
Five trap lines (replicates) were placed along the edge of woodlots containing ash trees in Shiawassee (n ϭ 3), and Ingham County, MI (n ϭ 2). Dark green prism traps were placed in the Þeld by 9 June 2010 and removed on 29 June 2010. Four lure treatments were randomized within each line, and each treatment was spaced at least 30 m apart from the next. Each line had the following four treatments: 1) unbaited dark green trap, 2) 7-epi-sesquithujene (3Ð5 mg/d), 3) (3Z)-hexenol (90 Ð100 mg/d), and 4) (3Z)-hexenol (90 Ð100 mg/d) and 7-epi-sesquithujene (3Ð5 mg/d). (3Z)-Hexenol lures were formulated in polypropylene pouch devices by Synergy Semiochemicals. 7-epi-Sesquithujene was synthesized from (R)-citronellal (Ϸ80% optically pure, TCI America, Portland, OR). It contained 48% (ϩ)-7-epi-sesquithujene that has been found in both ash volatiles and Phoebe oil, and also 6% (-)-7-epi-sesquithujene, 41% (-)-sesquithujene, and 5% (ϩ)-sesquithujene (Khrimian et al. 2011) . It is unknown whether the last three isomers present in this synthetic sample have any role in emerald ash borer attraction. Standard 14/20 white rubber septa (Aldrich) were washed with hexane/acetone, 1:1, before being impregnated with 110 l of synthetic 7-episesquithujene (110 l). Release rates were measured at 25ЊC by placing septa in a fume hood and weighing them daily. The release of 7-epi-sesquithujene from rubber septa was found to average 8. In each study beetles were sexed and totaled for each replicated treatment over the entire Þeld season. For contrast comparisons, catches of males, females, and total catch (males plus females) were analyzed separately for each experiment. Data from all experiments were log transformed (x ϩ 0.5) before being analyzed by analysis of variance (ANOVA). Data for experiments 1 and 2 was presented as untransformed mean trap catch (ϮSE) along with statistics (P Ͼ F) from ANOVA of transformed data. Experiments 3, 4, and 5 were presented as mean catch (95% conÞdence interval [CI] ).
In all Þve experiments we used prior knowledge from previous trapping studies , de Groot et al. 2008 ) and formed a series of planned (a priori) comparisons (nonorthogonal contrasts) of lure treatments. Onesided comparison tests were made in each study using an adjusted ␣ value by means of BonferroniÕs correction (␣ ϭ 0.0083 for experiment 1, ␣ ϭ 0.01 for experiment 2, ␣ ϭ 0.016 for experiment 3, ␣ ϭ 0.0125 for experiments 4 and 5).
Contrasts in experiment 1 tested whether there was a difference in trap catch between a purple trap baited with 80/20 manuka/phoebe oil and a purple trap baited with manuka oil. Two more contrasts compared differences in trap catch between purple traps baited with phoebe oil and traps baited with phoebe oil distillate, as well as traps baited with phoebe oil and traps baited with phoebe oil plus eremophilene. We also compared purple traps baited with colure and purple traps baited with manuka oil.
Contrasts in experiment 2 (2010) were selected based on the Þndings of experiment 1 (2009). For our comparisons in experiment 2 we were interested in determining whether (3Z)-hexenol increased trap catches on dark green traps when combined with manuka oil or the 80/20 oil lure as opposed to dark green traps baited with just manuka oil or the 80/20 oil lure. Because (3Z)-hexenol had not been tested on dark green traps before, we also wanted to compare differences in trap catch between dark green traps baited with (3Z)-hexenol and unbaited dark green traps. Contrasts in experiment 3 also compared catches of dark green traps baited with (3Z)-hexenol and unbaited dark green traps. The main contrast in experiment 3 was whether there was a difference in trap catch between dark green traps baited with 7-episesquithujene and (3Z)-hexenol and dark green traps baited with (3Z)-hexenol alone. Contrasts in experiments 4 compared differences in trap catch between dark green traps baited with different release rates of (3Z)-hexenol and unbaited dark green traps. Contrasts in experiments 5 compared differences in trap catch between dark green traps baited with different release rates of phoebe oil and unbaited dark green traps.
For each experiment, the sex ratio for each trap treatment was calculated as the proportion of males caught to the total number of beetles caught throughout the growing season. Sex ratio data were arcsinesquare root transformed before statistical analysis. An ANOVA was performed on sex ratio per trap with main effects for lure treatment. TukeyÕs honestly signiÞcant difference (HSD) test (␣ ϭ 0.05) was used to compare differences in catch for each sex between treatments.
Results

Experiment 1: Sesquiterpene Fraction Test on Purple Prism Traps (2009).
Purple traps baited with 80/20 oil increased trap capture signiÞcantly for males and total catch when compared with purple traps baited with only manuka oil (Fig. 1, contrast 4 vs. 7) . Purple traps baited with phoebe oil plus eremophilene did not increase trap capture signiÞcantly when compared with traps baited with phoebe oil alone (Fig. 1, contrast 1 vs. 3) or purple traps baited with 80/20 oil (Fig.  1, contrast 1 vs. 4) . Phoebe oil baited purple traps did not increase trap catch signiÞcantly when compared with traps baited with 80/20 oil (contrast 3 vs. 4). Colure baited purple traps did not increase trap catch signiÞcantly when compared with manuka oil baited purple traps (Fig. 1, contrast 5 vs. 7) or purple traps baited with manuka oil distillate (Fig. 1, contrast 5 vs. 6). Male:female catch ratios ranged between 1:1.6 for purple traps baited with combinations of phoebe oil distillates and 1:2.1 for combinations that included manuka oil distillates. The sex ratio (males/total catch) of the beetles in this study were not inßuenced by trap treatment (F ϭ 0.92; df ϭ 6, 104; P ϭ 0.479).
Experiment 2: Sesquiterpene Oil and (3Z)-Hexenol Tests on Dark Green Prism Traps (2010).
Green traps baited with (3Z)-hexenol did not increase trap catch signiÞcantly when compared with unbaited green traps (Fig. 2, contrast 3 vs. 6 ). Green traps baited with 80/20 oil plus (3Z)-hexenol did not catch signiÞcantly more A. planipennis than green traps baited with 80/20 oil (Fig. 2, contrast 1 vs. 4 ). Traps baited with manuka oil plus (3Z)-hexenol did not catch signiÞcantly more A. planipennis than traps baited with (3Z)-hexenol (contrast 1 vs. 3). Trap catch increased signiÞcantly for males and total catch, but not for females, on dark green traps baited with manuka oil plus (3Z)-hexenol when compared with green traps baited with manuka oil (contrast 2 vs. 5). Green traps baited with (3Z)-hexenol did not catch signiÞcantly more A. planipennis than traps baited with 80/20 oil (contrast 3 vs. 4). Male:female sex ratios were 1.7:1 for 80/20 oil, 1.9:1 for unbaited control, 2.1:1 for manuka oil, 2.6:1 for 80/20 oil plus (3Z)-hexenol, and 2.9:1 for manuka oil plus (3Z)-hexenol, 3.2:1 for (3Z)-hexenol. The sex ratio (males/total catch) of the beetles in this study were not inßuenced by trap treatment (F ϭ 1.81; df ϭ 5, 89; P ϭ 0.118).
Experiment 3: 7-epi-Sesquithujene and (3Z)-Hexenol Test on Dark Green Prism Traps (2010). Dark green traps baited with 7-epi-sesquithujene plus (3Z)-hexenol did not catch signiÞcantly more A. planipennis, than dark green traps baited with (3Z)-hexenol (P Ͼ 0.016; Table 1 ). Dark green traps baited with 7-epi-sesquithujene plus (3Z)-hexenol and did not catch signiÞcantly more A. planipennis when compared with unbaited dark green trap controls (P Ͼ 0.016; Table 1 ). Dark green traps baited with (3Z)-Hexenol did not catch signiÞcantly more A. planipennis when compared with unbaited dark green traps (P Ͼ 0.016; Table 1 ). Male:female sex ratios were 3.6:1 for unbaited control, 3.6:1 for 7-epi-sesquithujene, 6.3:1 for (3Z)-hexenol, and 8.1:1 for 7-epi-sesquithujene plus (3Z)-hexenol. The inßuence of trap treatment (lure) on sex ratio of adult A. planipennis was signiÞcant (F ϭ 3.73; df ϭ 3, 19; P ϭ 0.032) but TukeyÕs HSD procedure did not detect separate treatment means.
Experiment 4: (3Z)-Hexenol Dose Test on Dark Green Prism Traps (2010).
None of the (3Z)-hexenol release rates tested on dark green funnel traps caught signiÞcantly more A. planipennis than unbaited dark green funnel traps (P Ͼ 0.0125; Table 2 ). Traps baited with (3Z)-hexenol had male:female ratioÕs ranging from 2.9:1 for 5 mg release rate to 3.8:1 for 0.5 mg release rate. Unbaited control green traps caught a male:female sex ratio of 1.7:1. The sex ratio (males/ total catch) of the beetles caught in this study were not inßuenced by trap treatment (F ϭ 0.69; df ϭ 4, 49; P ϭ 0.598).
Experiment 5: Phoebe Oil Dose Test on Dark Green Prism Traps. None of the phoebe oil release rates tested on dark green funnel traps caught significantly more A. planipennis than unbaited dark green funnel traps (P Ͼ 0.0125; Table 3 ). Unbaited green traps had a male:female sex ratio of 1.7:1. Phoebe oil (5 mg/d) had the highest male:female sex ratio (2.4:1). The sex ratio (males/total catch) of the beetles caught in this study were not inßuenced by trap treatment (F ϭ 0.14; df ϭ 4, 49; P ϭ 0.965).
Discussion
The ongoing challenge in developing an efÞcient monitoring trap for A. planipennis involves Þnding the most effective combination of trap design, trap color, trap placement and lure components (Crook and Mastro 2010) . The detection of A. planipennis at low population densities is the greatest challenge in being able to monitor and manage the beetle successfully (Marshall et al. 2010) . Although a single beetle capture is enough for trap detection, traps that yield higher captures may reduce the risk of a Ôfalse negativesÕ in an infested area where beetles have not yet been detected (Marshall et al. 2010) . The high trap counts recorded at our more heavily infested Þeld sites could translate into an increased ability to detect beetle populations at lower density sites.
Previous studies have shown that bark-released sesquiterpenes and leaf released (3Z)-hexenol affect male and female A. planipennis differently (Crook and Mastro 2010) . (3Z)-Hexenol does appear to have an important role in host and/or mate Þnding by males (de Groot et al., 2008; Grant et al., 2010 Grant et al., , 2011 while increased bark sesquiterpene emissions are indicative of a stressed tree and likely have an important role for oviposition by females . Our results on purple traps (experiment 1) showed that traps baited with the 80/20 manuka/phoebe oil caught more A. planipennis than those baited with manuka oil. This supports previous studies that have shown phoebe oil to be a more effective Ôash bark volatile blendÕ than manuka oil when used on purple traps. Crook et al. (2008) proposed that this was because phoebe oil contained all six antennally active bark volatiles that were also identiÞed in host ash, while manuka lacks 7-epi-sesquithujene and thus has only Þve of the six active components (Crook and Mastro 2010) . Our results with dark green traps (experiment 3) showed that the 7-epi-sesquithujene blend of isomers did not appear to be effective as a lure either by itself or in combination with (3Z)-hexenol on dark green traps. It may be more effective on purple traps which tend to have a clearer synergistic effect with sesquiterpene rich oils (Crook and Mastro 2010) . Our results in experiment 1 showed no significant increase of trap catch on purple traps baited with 80/20 oil lure when compared with purple traps baited with phoebe oil, phoebe oil distillate, or phoebe oil plus eremophilene. We were unable to improve upon the 80/20 oil lure that was used by the USDA APHIS PPQ emerald ash borer cooperative survey program in 2009.
In contrast to purple trapping results, experiment 5 showed that phoebe oil did not increase male, female, or total trap catch on dark green traps regardless of lure release rate. More males were caught in this dark green trap study compared with phoebe oil catches on purple traps (experiment 1) that caught a higher percentage of females. Bark sesquiterpenes do not seem to work synergistically with green traps. Dark green traps baited with phoebe oil catch a high percentage of males regardless of the lures release rate. Previous studies by de Groot et al. (2008) and Grant et al. (2010) have shown that (3Z)-hexenol increased male trap catch on both purple and green traps. It appears to have an important role as a host kairomone for male A. planipennis. Grant et al. (2010) tested (3Z)-hexenol using Ôlight greenÕ plastic traps whose color was matched to the wavelength (540 nm) and reßectance (64%) of green paint tested by Crook et al. (2009) . When compared with unbaited dark green traps our results show that (3Z)-hexenol improved male catch signiÞcantly in only one of three Þeld experiments (experiment 2). Experiment 4 showed that the dark green traps caught a high number of A. planipennis when unbaited. In experiment 4, (3Z)-hexenol doubled male trap catch at the 5 mg and 500 mg/d release rates but the high degree of variability in trap catch between traps meant that these increases were not signiÞcantly different from unbaited dark green traps. In general, on prism traps, the variation in catch among green traps (530 Ð540-nm wavelength) is greater than variation among purple traps , Francese et al. 2010b . Previous tests by de Groot et al. (2008) also proved inconclusive on purple traps when (3Z)-hexenol was tested at two dosages (48 and 330 mg/d). GC-EAD results of de Groot et al. (2008) suggested that male A. planipennis were more sensitive to low concentrations of (3Z)-hexenol (Ͻ1 ng). Our results in experiment 2 showed that (3Z)-hexenol plus manuka oil improved green trap catch signiÞcantly for males when compared with traps baited with manuka oil alone. Manuka oil plus (3Z)-hexenol did not signiÞcantly improve or reduce trap catch when compared with traps baited with (3Z)-hexenol alone. This supports the Þndings of Grant et al. (2010) that (3Z)-hexenol is more effective than manuka oil as a lure when used on green traps. (3Z)-Hexenol as a lure did not catch more A. planipennis than the 80/20 oil lure, either by itself or in combination with it. Because of the reported attraction of males to (3Z)-hexenol it has been suggested that it may serve as an important cue to males (along with other stimuli such as foliage color, pheromones) for Þnding females in the canopy of trees where A. planipennis tend to aggregate (de Groot et al., 2008 , Lelito et al. 2007 and Mastro 2010). A volatile, antennally active compound, emitted primarily by female A. planipennis has been identiÞed as (3Z)-dodecen-12-olide (3Z-lactone) ). For other beetle species (particularly chafers), (3Z)-hexenol has been reported as a sexual kairomone that works in conjunction with a female produced pheromone (Ruther et al. 2000 (Ruther et al. , 2002 Ruther 2004) . Future studies should test if the 3Z-lactone is biologically active and whether or not it works synergistically with (3Z)-hexenol to improve catch on dark green plastic prism traps.
